The purpose of this study was to evaluate whether home-delivered meals, and the frequency of delivery, reduces self-reported falls among homebound older adults. Data come from a randomized parallel three-arm study of 371 older adults on seven Meals on Wheels programs' waiting lists. Participants were randomly assigned to receive (a) daily meal delivery (n = 139); (b) once weekly, frozen meal delivery (n = 106); or (c) control, remain on the waiting list for meals (n = 126). Participants were surveyed at baseline and 15 weeks post randomization. At follow-up, 36 (28.6%) in the control group, 29 (27.4%) receiving once weekly delivered meals, and 33 (23.7%) receiving daily delivered meals reported a fall (compared with control, daily meal risk ratio [RR] = 0.83, 95% confidence limits [CL] = [0.55, 1.25]; frozen meal RR = 0.96, 95%CL = [0.63, 1.45]). Our study suggests that daily delivered meals may reduce the risk of falls. Additional work is needed to understand the effect of meals on falls, particularly among previous fallers, a high-risk subgroup.
Introduction
The population of older Americans continues to grow at a staggering pace-currently 40 million US residents (15% of the US population) are 65 years of age or older, and that number is expected to double by 2050 (US Census Bureau, 2015; The World Bank, 2016) . As this population of older adults grows, the prevalence of falls is expected to increase dramatically. Currently, one in three adults above 65 years of age falls each year (Centers for Disease Control and Prevention, 2015) . Falls are the leading cause of fatal and nonfatal injury in the United States, responsible for more than 800,000 hospital admissions and direct medical costs of $31 billion to Medicare alone in 2015 (Centers for Disease Control and Prevention, 2015; Stevens, Corso, Finkelstein, & Miller, 2006) . Such consequences make fall prevention a public-health priority.
Evidence around fall-prevention strategies is limited, with most trials focused only on single-intervention, single-institution initiatives. A 2015 Cochrane review found that the most successful initiatives to reduce the risk of falling were group-and home-based exercise programs and home-safety interventions (Gillespie et al., 2012) . Although these findings are promising, demonstrating that programs are scalable and can be applied to a broad population remains challenging.
Many fall-prevention interventions rely on identifying relevant risk factors. One of the most well-established risk factors is having a previous fall: Individuals with three or more falls in the past 12 months have more than double the risk of a subsequent fall, and any previous fall regardless of time period more than doubles the odds of a subsequent fall (Nevitt, Cummings, Kidd, & Black, 1989; Wu et al., 2013) . Aside from increased risk of subsequent falls, individual falls carry the risk of loss of ability to carry out activities of daily living (ADLs), functional dependence, anxiety, and fear of falling (Yardley & Smith, 2002) .
Although data are limited, most studies suggest that the etiology of falls is multifactorial. de Guzman et al. (2013) conducted a study of communitydwelling Filipino elders and identified environmental safety factors and depression as significantly associated with falls. Autonomy and support were not statistically linked to falls. Other studies have suggested that weakness, balance, and gait deficits are associated with future falls (Rubenstein, 2006) . As food insecurity and hunger have been associated with weakness, depression, and increased illness, we hypothesized that federal home-delivered nutrition services such as those authorized by the Older Americans Act (OAA) of 1965 (e.g., "meals on wheels") may aid in reducing the risk of reported falls in frail elderly. These home-delivered meals programs aim to deliver at least one healthy meal per day for 5 or more days per week and, by law, target vulnerable populations (i.e., homebound older Americans who have serious illness or disability, have limited English proficiency, are lowincome or minorities, and/or live in rural areas or social isolation; Administration for Community Living, 2015) . Providing regular meals to frail, homebound elderly has already been associated with beneficial outcomes such as improved weight control without pathologic weight gain or loss, lower levels of depression, increased energy, and food security, in addition to decreases in loneliness and depression (Frongillo & Wolfe, 2010; Gollub & Weddle, 2004; Kretser, Voss, Kerr, Cavadini, & Friedmann, 2003; Roy & Payette, 2006; Thomas, Smego, Akobundu, & Dosa, 2017; Zhu & An, 2013) . In a prospective trial, a comprehensive home-delivered meals program with three full meals per day improved participants' objective levels of function and nutrition, compared with a traditional program with only five meals per week (Kretser et al., 2003) . In addition, receipt of home-delivered meals has been related to decreased rates of institutionalization and hospitalization (Thomas & Mor, 2013a , 2013b Xu et al., 2010) .
We speculate that home-delivered meals may prevent falls by several mechanisms. One mechanism may be reducing under-nutrition: A low body mass index suggesting malnutrition is independently associated with risk of falls (Koski, Luukinen, Laippala, & Kivelä, 1998) . Another mechanism may be the daily mobility needed to greet a food deliverer; such daily physical activity has been recommended by the US Preventive Service Task Force as a major preventive factor against falls (Moyer & US Preventive Services Task Force, 2012) . In this study, we evaluated the effect of two different models of home-delivered meals on reducing the likelihood of falling among a homebound sample of older adults.
Design and Method

Participants
Participants' data come from a pilot, randomized three-arm parallel, prospective study conducted by Meals on Wheels America in the winter of 2013 and spring of 2014 (Thomas, Akobundu, & Dosa, 2016; Thomas, Smego, Akobundu, & Dosa, 2017) . Participants were selected from a sample of waiting lists at eight sites with waitlist times of 3 months or more across the United States. Because this was a pragmatic trial, there were no specific eligibility criteria applied when selecting individuals from the waiting lists and the decision of whether or not to provide meals was random. Three sites were located in Texas, and the rest were in Florida, Georgia, North Carolina, New Jersey, and Rhode Island. The target number of participants, 620, was determined by the number of individuals who could be provided meals for 15 weeks at target cost. In total, 626 older adults from these sites participated in the study.
Protocol
Participants were consented and surveyed by local Meals on Wheels staff. A survey guide was developed to collect information about participants' demographic information and baseline social support, mental health, self-rated health, and history of falls. The survey guide was pilot tested with clients at the local Meals on Wheels affiliate in Rhode Island. Feedback from these sessions was utilized to make final changes to the data-collection tools. Sites randomly assigned participants to one of three groups: (a) daily, traditional meal delivery (n = 214); (b) frozen, once weekly meal delivery (n = 202); and (c) a control group who were to remain on the waiting list until service became available (n = 210). Participants in the frozen meal group received once weekly deliveries of 5 days of frozen meals by Meals on Wheels staff or volunteers. Participants in the daily delivery group received daily delivery of hot/chilled meals by Meals on Wheels staff or volunteers during weekdays. Participants were surveyed in their homes at baseline and again by telephone 15 weeks later. A total of 459 individuals completed baseline and follow-up surveys (see Figure 1 ). The rate of attrition did not differ significantly between the three groups. The full trial protocol can be obtained by contacting the corresponding authors.
Measures
Falls were measured by self-report at baseline and at 15 weeks of follow-up. Specifically, participants were asked whether or not they had fallen in the last month. The definition used for falling that prefaced the questions was, "By falling down, we mean any fall, slip, or trip in which you lose your balance and land on the floor or ground or at a lower level." This wording mirrors the definition used in the National Health and Aging Trends Study (Guralnik, Fried, Simonsick, Kasper, & Lafferty, 1995) and recommended by the Prevention of Falls Network Europe and Outcomes Consensus Group (Kasper & Freedman, 2015 
Analyzed (n=126) ♦ Excluded from analysis due to incomplete data collection at one site (n=28)
Analyzed (n=106) ♦ Excluded from analysis due to incomplete data collection at one site (n=26) by individual sites or in data collected by Meals on Wheels programs in determining initial eligibility.
Analyses
We excluded one site from our final analysis due to incomplete data collection (n = 85). There were no statistically significant differences between responses measured at baseline from the site that was dropped and the seven sites with 371 participants that were included in our analysis. Equivalence between groups and among sites at baseline was assessed for all descriptive variables using ANOVA for continuous variables and chi-square tests for categorical variables.
We examined the risks of falling during the study period among the three groups. Risk differences (RDs) with 95% exact confidence limits (CLs) were calculated to describe the absolute difference in the risk of falls between intervention groups. Risk ratios with 95% CLs were calculated using log-binomial regression. We performed two sensitivity analyses to assess the potential for bias due to missing outcome data from study participants who discontinued the intervention, were lost to follow-up, or whose outcome information was otherwise unobtainable for reasons other than death (e.g., moved from original location). Outcome information was missing for reasons other than death for 37 individuals (17.3%) in the daily meal delivery group, 61 individuals (30.2%) in the frozen meals group, and 52 individuals (24.8%) in the control group. Both analyses assumed that the outcome data were missing at random (MAR) and were performed in SAS Version 9.4. The first sensitivity analysis was performed using inverse probability weighting (IPW). For this analysis, we used two logistic regression models to estimate the probabilities of observing an outcome value conditional on (a) the intervention group and (b) the observed baseline covariates and intervention group. The baseline covariates used to estimate the probabilities were age, marital status, education, Medicaid enrollment, study site, history of falls, self-rated health, anxiety (measured using the Generalized Anxiety Disorder two-item screener; Kroenke, Spitzer, & Williams, 2003; Kroenke, Spitzer, Williams, & Lowe, 2010) , depression (measured using the Patient Health Questionnaire two-item screener; Lowe, Kroenke, & Grafe, 2005) , overnight hospitalization in prior 3 months, and needing assistance with personal care needs (see Table 1 ). We then constructed stabilized weights from the probabilities and used them to weight our log-binomial regression model for the effect of home-delivered meals on the risk of falls.
The second sensitivity analysis was performed using multiple imputation for the outcome. As the outcome variable for falls was binary and had no negative or non-integer values, we used iterative chained equations (ICE) imputation. Baseline covariates were used to impute the missing outcome values and were the same variables used to estimate the probability of having observed outcome information for the aforementioned IPW analyses. We selected the discriminant function method and logistic regression to perform 100 imputations of the missing outcome values. We then used a log-binomial regression model, as in the primary analysis, and combined the estimates.
Because a history of previous falls is known to be a strong predictor of future falls, we were interested in determining whether the meal intervention had a differential effect on those with a history of previous falls. Therefore, we performed an exploratory stratified analysis to assess whether the effect of meal delivery on falls might differ by baseline fall history.
Analyses of these study data received expedited review from the Brown University institutional review board. Table 1 presents descriptive characteristics of the three study groups. There were no statistically significant differences between the treatment groups in Note. There were no statistically significant differences between groups on any of the measures at baseline. Depression was measured using the Patient Health Questionnaire two-item screener; anxiety was measured using the Generalized Anxiety Disorder two-item screener. GED = general education development.
Results
Study Population
their demographics, health indicators, or previous fall history at baseline. In addition, there were no statistically significant differences in these variables between the seven study sites.
Study Endpoints
Overall, 98 (26.4%) participants experienced a fall during follow-up. The risk of falling was 28.6% for the control group (n = 36), 27.4% for the group receiving frozen, once weekly delivered meals (n = 29), and 23.7% for the group receiving daily delivered meals (n = 33; Table 2 ). For individuals who received daily meals, the risk of falling appeared to be lower than that for control-group individuals, but the difference was not statistically significant ( . The estimates from sensitivity analyses to correct for potential bias from missing outcome data were nearly identical to the results from the primary analysis (Table 2) .
Exploratory Subgroup Analysis
In exploratory subgroup analyses stratified by a history of previous falls, there was a significant trend toward greater reductions in falls among those with a history of previous falls for individuals who received daily delivered meals compared with individuals who did not (Table 3) . Indeed, the risk difference and risk ratio for the daily delivered meal group versus the control group among previous fallers were −40.8% (95% CLs = [−62.4%, −19.3%]) and 0.36 (95% CLs = [0.19, 0.67]), respectively. If these estimates were to persist in larger confirmatory studies, they would suggest that for every three previous fallers provided with a daily, traditional meal over a 15-week period, we could prevent one additional fall on average (number needed to treat 2.5; 95% CLs = [1.6, 5.2]).
Discussion
Results from our exploratory study suggest that receipt of daily delivered meals may reduce the risk of self-reported falling among homebound older adults, although this trend did not meet our criterion for significance. The same trend was not observed for recipients of frozen, weekly delivered meals. A subgroup analysis of the risk of falls among a high-risk group of previous fallers did indicate a statistically significant reduction in the risk of falling among individuals receiving daily delivered meals. Note. RRs and 95% CLs were estimated using a log-binomial regression model. The weights for the IPW analysis and the imputations for the MI of missing outcome data analysis were estimated using age, marital status, education, Medicaid enrollment, study site, history of falls, overall health status, anxiety, depression, overnight hospitalization in prior 3 months, and requiring assistance with personal care needs. For IPW and MI sensitivity analyses, the number of individuals at risk (in the denominator) was 206 for the control group, 210 for the daily meal group, and 193 for the frozen group. RD = risk difference; CL = confidence limit; RR = risk ratios; IPW = inverse-probability-of-attrition weighted; MI = multiple imputation. Note. CLs for RDs calculated using exact method. RRs and 95% CLs were estimated using a log-binomial regression model stratified by history of previous falls. One person each in the control and frozen meal groups was missing information on his or her history of previous falls and was excluded from the analyses. The total number of individuals was 125 in the control group and 105 in the frozen meals group for the stratified analysis. RD = risk difference; CL = confidence limit; RR = risk ratio.
There could be several explanations to the finding that prior fallers who received daily delivered meals, but not frozen meals, had a reduced risk of falling compared with the control group. For one, daily home-delivered meals require regular interactions between clients and meal deliverers. The function needed to prepare for and greet a meal deliverer may also promote daily mobility, balance training, and exercise, which have been associated with a decreased risk of falls and injury from falls in randomized trials (El-Khoury, Cassou, Charles, & Dargent-Molina, 2013; Moyer & US Preventive Services Task Force, 2012). Given the significant association between homebound status, poor mobility, and being unable to walk, such regular activity over time could result in improved functional outcomes. In addition, eating hot meals is associated with greater satisfaction with taste of food than rewarming cold or frozen meals (Frongillo, Isaacman, Horan, Wethington, & Pillemer, 2010; Pierce, 2014) . Therefore, participants receiving frozen, weekly delivered meals may have been reluctant to eat these meals and experience the nutritional benefits that have been shown to prevent falls.
Home-delivered meals offer a potentially affordable and scalable intervention for homebound elders. Home-delivered meals are relatively costconscious: The average cost of a 1-month nursing home stay is equivalent to providing home-delivered meals 5 days a week for 7 years (MetLife Mature Market Institute, 2012) . In addition, this program is popular: The percentage of homebound elders who report overall satisfaction with home-delivered meals programs is between 77 and 95 in large surveys (Bureau of Planning & Evaluation, 2012; Clearwater Research Inc., 2012; . Finally, this intervention is scalable: Home-delivered meals are often the first in-home service that older adults receive and, therefore, have the potential to reach a large and growing number of older adults needing in-home support and services. If our exploratory subgroup estimates persist in larger confirmatory studies, programs could target individuals at high risk of falls (i.e., those who have fallen in the past) and could expect to prevent one additional fall for every three individuals served over a 15-week period. In combination with fall-prevention programs, expanding home-delivered meals programs may reduce the burden of falls on our health care system while significantly reducing utilization and spending.
There are several limitations to this study worth noting. First, given the small sample size, we are limited by the imprecision of our estimates to detect a statistically significant difference. Future work with larger study samples would be necessary to help confirm our results in those without reported history of falls and improve the precision of our estimates in other subgroups. In addition, logistic and ethical constraints limited us to only using those on meals on wheels waiting lists. We recognize that this could have resulted in a selection bias related to how participants were enrolled that limits the generalizability of the trial results to older adults who were referred to meals on wheels. Furthermore, it is likely that this limitation resulted in comparisons between a less frail population of patients if indeed the distribution of characteristics of those who were randomized differs from those in the source population. This is a limitation that can be overcome in future studies.
Another limitation is that self-report of falls is subject to recall, response, and social desirability biases. Nevertheless, those who report falls tend to under-report them, potentially biasing our results toward the null (Mackenzie, Byles, & D'Este, 2006) . Previous work has found that retrospective 3-month recall of falls resulted in underreporting of falls by as much as 25% (Hannan et al., 2010) . Furthermore, self-report measures of falls have been shown to have concurrent validity with physical performance measures of falls (Morgan, Friscia, Whitney, Furman, & Sparto, 2013) . Our survey neither assessed whether these falls were associated with injury, which may be an important mediator of future falls, nor other items that may be predictive of falling such as gait problems and weakness (Rubenstein, 2006) . However, the randomized design of this study balances both measured and unmeasured confounders on average, so the absence of such measures is unlikely to have influenced the results. In addition, it is important to note that the groups were balanced at baseline in the strongest predictor of future falls: previous self-reported fall.
While there was a relatively high retention rate for a community-based, 15-week study, a number of individuals were lost to follow-up and fallers may have been disproportionately represented in these groups. Therefore, it is possible that there is underreporting in the rate of falls among this group during the 15-week period. However, we do not believe that this would have bearing on the differences between groups that we observed: Our sensitivity analyses accounting for the missing outcome information due to attrition did not produce significantly different results. Furthermore, our tests were not significant for differences in baseline characteristics (which could predict missingness) between groups or for differences in the reported reasons for attrition between the three groups within sites. Nor did we observe any statistically significant differences in the proportion of individuals who reported a fall at baseline or in the other risk factors for falling between those for whom we had follow-up data and those who dropped out of the study. Future work should identify or implement ways to improve follow-up to unpack the reasons that clients end service. Finally, we recognize that 15 weeks may not have been long enough to observe falls in our population and may have potentially biased our hypothesis toward the null. Future work might lengthen the data-collection period.
Despite these limitations, these results offer important information on the effect of a relatively innocuous intervention designed to address social determinants of health-specifically if daily delivered meals have the potential to result in a reduction of falls. Although the estimate for daily delivered meals in the study sample was not statistically significant, much of the confidence interval lies below the null; this trend is not observed in the effect estimate for the group receiving frozen, once weekly delivered meals. Our results signal a trend toward reduced falls with daily delivered meals, particularly among previous fallers, and warrant further investigation.
As falls continue to plague older adults, threaten their well-being, and increase burden on our health care system, it is important that we identify scalable, cost-effective fall-prevention interventions to promote health and sustain community living. Our study suggests that daily delivery of homedelivered meals may be one mechanism to reduce the risk of falls while improving nutrition and providing socialization to the homebound population of older adults.
These results have implications for policy and practice. In particular, they suggest that community-based organizations and social-service programs can have indirect effects on health. As policymakers, health plans, and care providers seek innovative ways to manage the health of older, disabled patients, the case is mounting that programs such as home-delivered meals may be one promising solution. Future work and larger studies are needed to confirm these findings, but results from studies such as this highlight the necessity of giving community-based organizations a seat at the table and capitalizing on their decades of service delivery to this population in an effort to appropriately and cost-effectively improve or sustain older adults' health and well-being.
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